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Comparison of Cancer Registry Case Ascertainment
with SEER Estimates and Self-reporting in a Subset
of the NIH-AARP Diet and Health Study
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Abstract: The NIH-AARP Diet and Health Study cohort consists of 567,169 members of the AARP, aged 50-69 years and living
in 8 different states, who responded to a mailed questionnaire in 1995-1996. At baseline, most cancer registries included in this
large cohort study were not part of the Surveillance, Epidemiology, and End Results (SEER) Program. We undertook a pilot study
to determine the completeness of case ascertainment using record linkage to 8 U.S. cancer registries. We conducted a pilot study
of 12,000 cohort participants. A number of identifiers were used to match our population to cancer registries. In addition, we
mailed a questionnaire to the participants in the pilot study to obtain cancer information directly, and attempted to confirm self-
reported cancers by retrieving medical records. Overall and site-specific cancer incidence rates were similar to those calculated
by applying SEER rates to the pilot study population. We estimated a minimum sensitivity of 89.2% for case ascertainment when
the registry search lags the end of the follow-up period by 4 years. The accuracy of case ascertainment through cancer registries
in this cohort is comparable to that of other cohort studies that rely on self-reporting (with medical record confirmation) for case

ascertainment, and should provide accurate cancer numbers for the NIH-AARP Diet and Health Study cohort analyses.
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Introduction

To date, most validation studies on cancer ascertainment
have relied on cancer registries to estimate sensitivity and
specificity of self-reported cancers. These studies compared
self-reported cancers to cancer registry information, treating
cancer registries as the “gold-standard” when determining the
quality of the self-reports.™ The North American Association of
Central Cancer Registries (NAACCR) has a program to evalu-
ate the accuracy, completeness, and timeliness of cancer registry
data, and certifies registries that meet the criteria for the highest
standard of data quality.® The National Cancer Institute (NCI)
Surveillance, Epidemiology, and End Results (SEER) Program’s

standard for case ascertainment is 98% for their registries.”
Cancer registries participating in the SEER Program
are expected to provide cancer incidence data within 19 months
of the close of a diagnosis year (e.g., 1998 cancer data must be
reported to NCI by August 2000). A recent study showed that,
depending on cancer site, 88-97% of cancers diagnosed in the
SEER registry states are reported to the NCI within a 2-year
period.® The same study concluded that it would take 4-17
years, depending on the cancer site, for 9% or more of the
cancer cases to be reported to the NCI. However, no study has

investigated the accuracy of non-SEER registries certified for
the highest standard of data quality.

In this paper, we report results from a pilot study of the
NIH-AARP Diet and Health Study cohort comparing observed
number of cancers to expected numbers, based on SEER regis-
try data. In addition, we examined self-reported cancers from
pilot participants to assess the accuracy and completeness of
the data obtained from cancer registries (most of which were
not SEER registries) used in the NIH-AARP cohort.’

Methods

Study Population

The NIH-AARP Diet and Health Study cohort was initi-
ated between 1995 and 1996 when 567,169 members of the
AARD, aged 50-69 years, returned questionnaires sent to them
in the mail. This cohort was designed to examine the relation of
diet with cancer outcomes and to address some methodologi-
cal issues often encountered in studies on diet and cancer. A
16-page questionnaire was mailed in 1995-1996 to 3.5 million
AARP members in 6 states (California, Florida, Pennsylvania,
New Jersey, North Carolina, and Louisiana) and 2 metropolitan
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areas {Atlanta, Georgia and Detroit, Michigan). The recruit-
ment areas were selected for having high-quality registries and
large AARP memberships. Additional details on the design of
this cohort can be found in a previous publication.’

Cohort Maintenance

From the onset of the study, the NIH-AARP cohort has
been matched periodically to the National Change of Address
database maintained by the U.S. Postal Service (USPS) to
update address changes. Information on address change is
also obtained through USPS processing of undeliverable mail
and directly from participants who report address changes
in follow-up questionnaires. During the first 3 years of fol-
low-up, 98% of the cohort members either did not move or
relocated within 1 of the 8 states in the study. In addition, the
cohort data are periodically matched to the U.S. Social Security
Administration’s Death Master File to find out which partici-
pants are deceased.

Cancer Registries

The 8 statewide cancer registries (for 2 metropolitan
areas and 6 states) did not belong to the SEER Program at
baseline. The NAACCR standards state that cancer registries
should contain at least 95% of the expected cases of reportable
cancer within 18 months of the close of a diagnosis year.® The
NAACCR Certification Committee has established criteria for
recognizing cancer registries that achieve excellence; these cri-
teria include timeliness and 2 measures of reporting complete-
ness.® All cancer registries included in this study were certified
by NAACCR for meeting the highest standard of data quality
(beginning in 1997).

Pilot Study to Assess Case Ascertainment

Twelve-thousand participants in the NIH-AARP cohort
were randomly selected from the 6 states and 2 metropolitan
areas of 2 different states (for a total of 8 states); numbers from
each area were set to reflect cohort size in those areas. We esti-
mated 12,000 participants were necessary to determine wheth-
er cancer rates from this cohort were within the expected rates
(using SEER cancer registry incidence rates). The follow-up
period for cancer incidence was 1995 through the end of 1998.
For example, the sample size of 12,000 provided 80% power to
detect a colorectal cancer incidence rate for men and women
combined that was 25% lower than the SEER rate.

Matching Participants to Registry Data

Most registries use a number of identifiers to optimize the
matching of individuals to their databases. For the pilot study,
we had almost complete data on first and last names, date of
birth, gender and address, as well as 85% of Social Security
numbers, for matching purposes. All of the initial linkages were
undertaken between July 2001 and December 2002. In addition,
we conducted a linkage of the full cohort, including the 12,000
pilot study subjects, between January and August 2003.
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With the exception of 2 states, linkages first took place at
the registries and again, independently, at Westat (an employ-
ee-owned research corporation). For Pennsylvania, the linkage
was carried out only at Westat, and for Florida the linkage was
only carried out at the registry. Since the second linkage ben-
efited from a more technically-advanced, automated process
and a more thorough review process, we report results from
the second linkage for the 12,000 pilot study subjects.

Seven of the 8 registries participating in the NIH-AARP
cohort routinely use probabilistic record linkage methods to
link cohort records to registry databases (AUTOMATCH® or
one of its successors). Probabilistic linkage uses a set of iden-
tifiers to predict the probability that records from different
datasets are true matches. Controlling match error rates, proba-
bilistic methods minimize the numbers of possible matches
requiring review.'® The Westat program (currently version
1.16) builds multiple compound indexes for alternative pat-
terns of identifiers in subject records, and it uses the indexes
to screen each registry record for a ‘hit’ on any one of the
indexes;™ record pairs screened out as possible matches then
go through a series of comparisons that reject those with insuf-
ficient degree of similarity to confirm a true match. The Florida
registry used the Westat program to select possible matches
and reviewed the possible match to determine true matches to
cancer reports.

To improve our chances of finding true matches in the
cancer registries, multiple records were created for subjects
with different sets of identifying information (e.g., 2 mail-
ing addresses). For those subjects who had moved from 1 to
another of the 8 states in our study, we included their records
to be matched in both states.

Cancer Self-Reports in Responses to Follow-up Questionnaire

Beginning in April 2002, and in parallel with registry
matching, follow-up questionnaires were sent to pilot partici-
pants who were still alive (n=11,404). Participants were asked
whether they had been diagnosed with cancer since 1995 (other
than non-melanoma skin cancer). Participants who reported a
cancer during that time period were asked to specify the type
of cancer, as well as date of diagnosis. Up to 3 cancers could
be reported.

Participants who did not respond to the initial mail-
ing were sent a second follow-up questionnaire, and then a
postcard inviting them to call a toll-free number and provide
information using an automated system. The remaining non-
respondents were contacted by trained interviewers whenever
possible (i.e., if the telephone numbers were available). Survey
data collection ended in July 2002.

Of the 12,000 pilot participants, 596 were found to be
deceased prior to mailing the questionnaires, and 41 were
found to be deceased during follow-up. A total of 6,695 ques-
tionnaires were returned by mail, 75 were completed through
the automated phone system, and another 1,856 questionnaires
were completed by phone interviews. Four subjects refused to
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participate; the remaining 3,033 did not respond to any mail-
ings and were not contacted (no telephone number available
or no answer after multiple attempts to contact the individual
by phone). Overall, the response rate was 73.3% (questionnaire
returns among live participants = 8,326/11,363). Basic charac-
teristics were similar across responders and non-responders
(41% female in both groups; 93% White among responders,
90% White among nonresponders; mean age 61.6 and 60.6 for
responders and nonresponders, respectively).

Data Analysis

We compared the number of registry cancer cases
(matched to pilot study participants) to the number of expect-
ed cancer cases based on the SEER Program data, and per-
formed x* tests of the differences. We calculated the expected
numbers of cases with the method described by Monson.?
This method uses birth, entry, and exit dates to determine
how much time at-risk a subject spent in each 5-year age
group and then uses age-specific incidence rates to calculate
overall expected cases. The age-specific incidence rates were
calculated using the SEER*Stat program,”® and were based
on the 9 SEER Program registries’ data in years 1995-1998
(for whites, by gender)." Exclusions from these calculations
included: in situ cancer cases (except for bladder cancer), cases
with missing diagnosis date, cases with diagnosis date after

the end of December of 1998, and cases with diagnosis date
prior to the baseline questionnaire date. .

In addition to comparing the observed (O) vs. expected
(E) rates obtained from the cancer registry matching, we con-
ducted a comparison between reports from the registries and
self-reported cancers from the follow-up questionnaire. For this
comparison, we used the same selection criteria used for the O/
E calculations, but limited the analysis to survey respondents.

We estimated the number of cancers missed by the cancer
registries (false negatives) by multiplying the percent of can-
cers confirmed with medical records (only available for a sub-
set of total) by the number of self-reported cancers for which
no medical records were available. To this number we added
the number of confirmed cancers. This number was used to
estimate missed cancers for all sites combined, i.e., confirmed
self-reported cancer (confirmed self-reported cancer + cancers
reported in registries.

Our analyses are based on a 4-year lag period (the time
between the end of follow-up for cancer incidence and the link-
age date, i.e., December 1998 and December 2002).

Results
A total of 455 cancers were registry matched to the 12,000
participants between 1995 and 1998. Observed and expected
numbers of site-specific cancers, by gender, are reported

All 336 0.32
Female 157 0.12
Lung Male 55 0.06
Female 23 25 0.70
Colorectal Male 38 35 0.67
Female 14 16 0.61
Prostate Male 127 120 0.53
Breast Female 52 52 0.99
Endometrial Female 10 12 0.63
Ovary Female 2 6 0.09
Stomach Male 9 6 0.14
Female 0 1 0.24
Pancreas Male 10 7 0.25
Female 2 3 0.46
Kidney Male 6 9 0.28
Female 2 3 0.52
Bladder Male 19 22 0.57
Female 6 4 0.26
Esophagus Male 6 5 0.63
Female 1 1 0.78
72
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Table 2. Number of Self-reported Cancer by
Questionnaire versus Registry-reported
Cancer Between Baseline (1995-1996) and

December 31, 1998 (any cancer match)

Yes No Total

Yes 206 (20.5%) | 82 (1.0%) 288

No 71 (0.8%) 7967 8038
(95.7%)*

Total 277 8049 8326

*Includes self-reported nonmelanoma skin cancers (n=10);
1 precancer lesion; 1 reported metastatic cancer; and in situ
cancers (n=18).

Sensitivity of registry = 206/288 = 72%
Specificity of registry = 7967/8038 = 99%
{assuming self-report is the gold-standard)

in Table 1. Small numbers for site-specific cancers limited
our interpretation of those results, but over all cancer sites,
the observed rates were not substantially different from the
expected rates.

Table 2 summarizes the cancer information obtained
from the follow-up questionnaire compared to the results
of the cancer registry searches. Cancers reported on the
questionnaire were used only if date of diagnosis was pro-
vided, and the numbers presented are for any cancer match.
Percentages of self-reported cancers not found in the regis-
tries were similar across the various cancer registries (range:
0-2.5%). Ten non-melanoma skin cancers were self-reported
but were included in the self-reported “no” numbers because
cancer registries do not include these cancers. One cancer was

reported as a metastatic cancer (not incident) and another as
a “pre-cancer lesion”; these were both included in the self-
report “no” category (n=7,965). The sensitivity of the registry
search and linkage was 72% when using cancer self-reports as
the gold-standard.

We examined the 82 self-reported cancers not found in
the registries to determine whether these were in fact accurate
cancer reports (Table 3). We successfully obtained medical
records on 29 individuals; 13 of these confirmed the self-report
(including correct date of diagnosis); 4 had no cancer in that
time frame; 4 had non-melanoma skin cancer (they reported
melanoma); 8 reported the correct cancer, but with an incorrect
date of diagnosis (reported date was within the study period,
but medical records date was outside the study period). There
were also 17 self-reported cases that appeared to match cases in
the registry, except that the dates did not match (reported date
was within study period, but registry data show date outside
the study period). Given that date of diagnosis is not always
correctly self-reported, we assumed that the self-reported dates
were incorrect (and registry dates correct), and did not attempt
to obtain medical records for these 17 cases. We were unable
to obtain further information on 36 self-reported cancers for
different reasons: refusal to release medical records (n=8), no
response from participant (n=13), no response from health care
provider (n=1), no records available for the participant (n=1),
illness (n=1), or no follow-up conducted (n=12).

The registry matching process detected 71 individuals
with cancer (between baseline and 1998) for study partici-
pants who themselves did not report cancer on the follow-up
questionnaire during that same period. Of the 71 individuals,
32 really did have a self-reported cancer, but because their
reported diagnosis date was either missing or inaccurately
self-reported, they had not been included in the matching,
ie, were excluded from the follow-up period (Table 4).

Table 3. Cancer Confirmation for Self-reported Cancers that Did Not Match to the Registries Between
Baseline (1995-1996) and December 31, 1998

Confirmed self-reported cancer; no registry data available | 13 15.9 44.8
Noncancer; responder or provider confirmed 4.9 13.8
Reported melanoma skin cancer; confirmed non-melanoma | 4 4.9 13.8
skin cancer

Reported cancer diagnosis date incorrect; medical records | 8 9.8 27.6
confirmed?

Reported cancer diagnosis date incorrect; registry 17 20.7

confirmed (outside of appropriate time interval)

Unconfirmed self-reported cancer 36 43.9 -
Total 82 100 100

*Medical records indicate reported cancer was diagnosed before or after time period of interest.
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Table 4. Registry Records Matched to NIH-AARP
Cohort Pilot Members but No Cancers
Were Reported by Those Individuals on the

Follow-up Questionnaire Between Baseline
(1995-1996) and December 31, 1998

Self-reported cancer did not 7 9.9
include a diagnosis date

Self-reported cancer diagnosis | 13 18.3
date was pre-baseline

Self-reported cancer diagnosis 12 16.9
date was post-1998

No self-reported cancer 39 54.9
Total 71 100

Table 5. Revised Table 2: Adjusting Self-reports
with Medical Record Data and Inaccurate
Diagnosis Dates (see text for more detail)

Yes No Total
Yes 2398 29* 268
(2.9%) | (0.4%)
No 398 8019 8058
(0.5%) (96.3%)
Total 278 8048 8326

Sensitivity of registry = 239/268 = 89.2%
Specificity of registry = 8019/8058 = 99.5%

False negative rate = 29/268 = 10.8%

*Estimated cancers missed by registries: (44.8% x 36 = 16) +
13 (per table 3) = 29

SBased on table 4 adjustments

Therefore, these 32 individuals really should have been
included as “yes” for self-reported cancers. With the adjusted
values, only 39 registry cases were not self-reported on the
questionnaire (Table 5).

Table 5 shows a revised Table 2 when accounting for results
from medical record data and mismatches from missing data.
We estimate the number of cases missed by the registries (false
negatives) to be 29 (44.8% of 36 with no medical records, plus
the 13 confirmed cases). From this table, and under the assump-
tion that the confirmed self-report data represents true disease
status, we estimate that 10.8% of cancers will be false negatives
when using registry data only. Thus, registries included in this
cohort have a sensitivity of 89.2% for all cancers.

Discussion

For the 12,000 pilot study participants of the NIH-AARP
Diet and Health Study, observed incidence rates were similar
to expected SEER rates between baseline and end of 1998. We
attempted to retrieve medical records for those participants
who self-reported a cancer diagnosis in the relevant time
period but who did not have a cancer registry match. Based on
these findings, we estimated that the registries included in the
NIH-AARP cohort have close to 90% sensitivity with a 4-year
lag period between the end of the period of interest and the
reporting from cancer registries.

For a few cancers, observed case numbers were lower
than expected. These differences were not statistically sig-
nificant, suggesting that these variations are random and not
likely to be due to reporting errors. However, for some site-
specific cancers we had limited power to observe differences
between observed and expected rates. For lung cancer, where
the expected number of cases was 55 but only 41 cases were
observed (and p-value 0.06) it is likely that this difference is due
to the self-selection of “healthy” cohort participants, who tend
to smoke less than the average American (and consequently
have lower lung cancer). This is supported by data from a
previous publication on this cohort where we showed that less
than 11% of men were current smokers at baseline (1995-1996),
which is lower than the national average smoking level at that
time.? Overall, because it is unlikely that the cancer registries
are biased at reporting some types of cancer better than others,
our data suggest that cancer registries can be used to ascertain
cases accurately for all cancer types.

Previous validation studies on case ascertainment have
largely focused on the accuracy of self-reports, using cancer
registries as the gold standard. Sensitivity rates of self-reports
range between 61% and 93%,'**"® and vary substantially by
cancer site.? In this pilot study, we tested the sensitivity of the
registry compared to self-reported cancers (with medical record
confirmation). One of the advantages of using cancer registries
for endpoint ascertainment is that cancer reporting varies little
by site, unlike self-reporting.

Reporting lag is a main concern when using registry data.
For this reason, follow-up time in this pilot study was only
through the end of 1998. The registry search for the pilot study
was conducted during 2003, and allowed for a minimum of
a 4-year lag for cancers to be reported to the registries. These
findings suggest that completeness of cancer reporting for the
registries included in our cohort is close to the completeness of
the SEER Program registries,® given a 4-year lag period.

We were unable to determine why 39 individuals who
were matched to the cancer registries did not report a cancer on
the follow-up questionnaire (Table 4). Previous validation stud-
ies of self-reports have shown that individuals often under-
report cancer history>*® In this study, the self-reporting false
negative rate (39/278=14%; Table 5) was within the expected
range, based on previous validation studies. Even so, mis-
matching of participants to the registries may increase numbers
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of false negatives. For around 5/6 of the cohort, we matched
on Social Security numbers, which provides a high degree of
accuracy for matching. Numbers were available for 27 of the 39
registry cancers not self-reported, and all had information on
date of birth. Therefore, it is unlikely that all 39 cancers found
in the registries are due to mismatching. Because it is likely that
some of these 39 cancers are true cases, the calculated 89.2%
sensitivity represents a slight underestimate of true sensitivity.

The percent of pilot study participants responding to the ini-
tial follow-up questionnaire, the postcard with an 800 number to
complete the questionnaire, or follow-up phone interviews was
73. Because self-reported cancers were not very accurate among
individuals who did not have a match to the cancer registries
(44.8%; Table 3), inclusion of a disease follow-up questionnaire
for the entire cohort would require medical record confirmation.
Given response rates and medical record retrieval rates, adding
a disease follow-up questionnaire to our cohort would decrease
false negatives by no more than 3% (56% follow-up question-
naire response (without phone interview) x 54% medical record
retrieval x 10% false negatives). Therefore, adding a disease fol-
low-up questionnaire and medical record confirmation to this
cohort would increase sensitivity to no more than 93%.

Incomplete case ascertainment when specificity is perfect
(or close to 100%) does not bias the risk ratio when the misclas-
sification is nondifferential,*® but it will result in loss of power.
In this cohort, the expected number of cancer cases over a short
follow-up period is very high, given the size of the study’
Therefore, the statistical power to detect important associations
in this cohort should be minimally compromised by a sensitiv-
ity that is approximately 90%. However, site-specific sensitivi-
ties may differ somewhat from that figure.

The NIH-AARP cohort was designed to include only indi-
viduals living in cancer registry states. Over time, participants
may move out of the cohort region, which would result in
undetected cancer cases. However, given that during 9 years of
follow-up only 2.5% (288/11,404) of surviving pilot study sub-
jects moved out of cohort regions, it is unlikely that migration
would result in a substantial number of missing cancer cases.

Conclusion

We estimate that by matching NIH-AARP cohort partici-
pants to cancer registries, about 90% of all cancer cases will be
detected in this cohort when allowing for a 4-year lag between
cancer diagnosis date and matching year. The accuracy of can-
cer endpoint ascertainment through cancer registries in this
cohort is comparable to that of other cohort studies that rely
on self-reporting (with medical record confirmation) for case
ascertainment, and should provide accurate cancer numbers
for analyses in this cohort.
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